Abstract: Habitat-capability models are necessary for evaluating the effects of forest management on the management of indicator species (including brown bears [Ursus arctos]) of the Tongass National Forest. Habitat-use data from 95 radio-collared brown bears on Admiralty and Chichagof Islands were used to develop this habitat-capability model. Each of 20 habitats was assigned a habitat-capability value based on bear habitat preference or best professional judgment. The effects of human activity and resource development on brown bears were estimated, based on best professional judgment, as reductions in habitat capability within zones of human influence. ) and provides an approach for predicting the long-term effects of land-management activities on brown bear habitat and populations. The model to be described evaluates quality of habitat for brown bears, which is assumed to be related to longterm carrying capacity. Habitats are rated, using habitat-preference data from Schoen and Beier (1990), on the basis of their value to bears during late summer when hyperphagic bears are most concentrated and vulnerable to human activities.
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Once widely distributed across western North America, brown/grizzly bears (Ursus arctos horribilis) currently range over a significantly reduced portion of the continent. In 1975, they were declared threatened in the United States south of Canada. Loss of habitat to human encroachment is a serious problem for bear management in the contiguous 48 states and elsewhere (Mattson 1990 , McLellan 1990 , Schoen 1990 , Servheen 1990 . Throughout the world, the future of many bear populations, including brown bears, is inextricably linked with forest management (Schoen 1991) .
In North America today, the largest population of brown bears occurs in Alaska (Peek et al. 1987 ) with an estimated 30,000-40,000 bears (Alaska Department of Fish and Game 1978). Brown bears are indigenous to Southeast Alaska where they occur throughout the mainland coast and on the islands north of Frederick Sound. Admiralty, Baranof, and Chichagof Islands have some of the highest brown bear densities (e.g., 2.6 bears/km2 on northern Admiralty Island) in the world (Schoen and Beier 1990) .
Brown bears are one of the special features of the Tongass National Forest. Admiralty, Baranof, and Chichagof Islands are one of the most important brown bear hunting regions in Alaska. Tourism and outdoor recreation are also growing industries in this area. Visitors to Southeast Alaska as well as many residents are interested in an opportunity to observe the brown bear, a symbol of the American wilderness.
The decline in the range and numbers of brown bears during the past century in the contiguous 48 states has heightened management concern for the species and prompted an increase in brown bear research, particularly habitat-related studies. Most research on bear-forestry relationships has been conducted within Habitatcapability models are needed for each MIS on the Tongass Forest. These models will be used for projectlevel planning and are necessary for providing information to evaluate the cumulative effects of forest management on wildlife habitats and populations. Cumulative effects analysis is a relatively new but important component of forest planning (Christensen 1986 , Weaver et al. 1986 ) and provides an approach for predicting the long-term effects of land-management activities on brown bear habitat and populations. The model to be described evaluates quality of habitat for brown bears, which is assumed to be related to longterm carrying capacity. Habitats are rated, using habitat-preference data from Schoen and Beier (1990) , on the basis of their value to bears during late summer when hyperphagic bears are most concentrated and vulnerable to human activities. HABITAT RELATIONSHIPS Odum (1971:234) described habitat as the organism's "address" or the place it inhabits in fulfilling its life needs (e.g., food, cover, water). Harris and Kangas (1988) proposed that the definition of primary habitat explicitly extends beyond the individual to include an area of sufficient size or configuration to support a population over time. We consider that an effective definition of bear habitat must also incorporate the influence of human activities (Schoen 1990 ).
The habitat relationships of brown/grizzly bears vary considerably across the diverse array of ecosystems they inhabit from the eastern Rockies, through coastal rain forests, and to the Arctic. The Alaska Department of Fish and Game began brown bear investigations in Southeast Alaska in 1981 with particular emphasis on habitat relationships and the influence of logging and mining activities on bear populations. From 1981 through 1988, 68 brown bears were radiocollared on northern Admiralty Island and 3,020 relocations collected (Schoen and Beier 1990) . Habitat use by radio-collared brown bears varied seasonally (P < 0.01) (Table 1) and is considered a response to seasonal differences in food availability and quality.
Most brown bears emerge from high-elevation (>300 m) dens between April and May. After den emergence, many bears move to low-elevation oldgrowth forests, coastal sedge meadows, or south-facing habitat capability for brown bears in Southeast Alaska. The ecological basis for inferring habitat quality from preference data is found in habitat-selection theory (Rosenzweig 1981 , Fagen 1988 .
As stated by Ruggiero et al. (1988) , "Habitat preferences are based on evolved behavior and thus relate directly to the probability of persistence.
Therefore, habitat preferences must be viewed as reliable information about the environments needed for population persistence, and should be considered a valid basis for management decisions."
Habitat Capability
The habitat-level model has M distinct habitat types that occupy an area Ai(i = 1, 2,...M). Each of the habitat categories was assigned a habitat-capability index (HCI) based on habitat preference or best professional judgment (Table 3 ). Ivlev's (1961) index of electivity was used as the measure of habitat preference by brown bears for the habitat-capability model. To transform Ivlev's indices (which range from -1 to +1) to positive numbers, we calculated (Ei) as follows: Ei = r,/(ri + pi); where Ei = the transformed index of electivity or habitat-preference index, ri = the proportion of observed use of habitat category i (relocations of radio-collared bears), and pi = the proportion of habitat category i in the study area (availability). Habitat-capability indices (HCIs) were computed by dividing the preference index for each habitat category by the maximum value for the index (HCIi = Ei/Emax), so the highest value habitat has an HCI value of 1.0.
Availability of habitats within the 365-km2 Admiralty study area was estimated by extrapolation from a habitat-data base derived for a 300-km2 subsection of this study area. The original availability data (collected for a deer study) were determined from a random sample of 2,495 points systematically overlaid on 1:12,000-scale aerial photographs. These were: old growth, 75.6%; subalpine, 8.1%; alpine, 9.6%; and other, 6.6% (Schoen and Kirchhoff 1990). In the bear model, we recognized a greater variety of habitat categories than in the original study. Old-growth forest was further subdivided into upland, beach fringe, and riparian, and the relative abundance of each habitat was estimated. We also estimated the relative abundance of avalanche slopes and estuaries.
To simplify our habitat-capability model, we assumed the late summer season was the most critical or limiting period for brown bears in Southeast Alaska. We acknowledge that other seasons (e.g., spring when bears are feeding on new growth of sedges at tidewater) also have unique importance to bears and that critical seasons may vary regionally. However, the late summer season (mid-Jul through mid-Sep) is when the most abundant, high-quality food (e.g., spawning salmon) is available. Brown bears are most concentrated along low-elevation valley bottoms and coastal salmon streams at this time. These are also the areas of highest human use and where the most intense resource development activities occur (e.g., logging and road building). We believe that brown bears are most vulnerable to human-induced mortality (aside from legal hunting) at this time and place. Late summer habitat use by radio-collared bears, habitat availability, an index of habitat preference, and a habitat-capability index are presented in Table 3 . Habitat-use determinations excluded "interior" bears because those bears represented a relatively small proportion of the northern Admiralty Island study population (approximately 10%) and may be somewhat unique to Admiralty Island. Furthermore, those bears are relatively isolated from most forest management activities.
Several additional habitats are listed for which we did not have preference data from Admiralty Island. Although these habitats did not occur on the Admiralty study site or were not delineated, they are important because they are the result of forest-management activities (e.g., clearcuts and second-growth forest) or are used extensively by bears and subject to a disproportionate amount of logging (e.g., riparian old growth). Although we had empirical data on bear preference for riparian habitat in general, we further subdivided riparian into 2 categories (streams with and without anadromous fish) based on best professional judgment (Table 3) .
Because clearcuts (0-24 years) and second-growth forests (25-150 years) were not available within the Admiralty study area, their suitability was ranked based on professional judgment (Table 3) We distinguished an older category of second growth (151-300 years). The habitat capability of older second growth was estimated intermediate between young second growth and old growth because of the increasing production of forage plants as the stands age. Clearcuts and second growth in riparian sites with salmon streams were given higher value than upland sites because of the availability of spawning salmon during late summer (Table 3) .
Although availability of suitable den sites is an important component of brown bear habitat, we assume it is not limiting in most circumstances and is unlikely We simulated the effects of timber harvest on bears by running the habitat portion of the model on a hypothetical 65,587-ha watershed of which 31,580 ha were available for timber harvest (Table 4) . Timber harvest was restricted to low to mid-elevation, upland, old-growth forest. Riparian areas, beach-fringe forest, and estuary-fringe forests were not harvested. As a result of a 50% harvest, the brown bear population declined by 16% after 10 years and 23% following 50 years (Table 4) . This difference 50 years after logging 
Human-Induced Mortality
After estimating habitat capability, the model incorporates the effects of human-induced mortality as a second step in the analysis. These factors are assumed to have a landscape-level effect and may reduce habitat capability regardless of the habitat. This stage of the model should be considered a working hypothesis.
Large carnivores, like brown bears, which range over extensive areas (from 1,400 to 40,000 ha) should be considered creatures of landscapes rather than of specific habitat types per se (Harris and Kangas 1988, Schoen 1990). Aside from habitat impacts, resource development (e.g., logging, mining, hydroelectric development, tourism) must also be evaluated in terms of human-bear interactions (Peek et al. 1987 We subdivided the effects of human activity and development into different levels of impact. These relationships were estimated, based on best professional judgment, as reductions in habitat capability (or potential carrying capacity) within zones of human influence/disturbance (Table 5 ). These reduction factors should be considered as relative values (e.g., high, 0-0.3; medium, 0.4-0.7; light, 0.8-1.0) rather than specific quantifiable values derived from empirical data. We estimated that larger communities would have greater impacts than smaller communities (Table 5) . For example, brown bears are rarely observed in or adjacent to major cities or towns in Southeast Alaska, whereas bears are much more frequently encountered near small villages. This indicates that suitable habitat is not used adjacent to these areas because the bears are killed or displaced. Even though the habitat may be suitable, value to bears is decreased by human activity. We similarly estimated that permanent camp sites would have more impacts than temporary camps (Table 5) . We also assumed that industrial camp sites frequented by transient workers (many with limited experience in Alaska) would be less inclined to tolerate bears than long-term residents of permanent communities.
In Southeast Alaska, landfills without effective fuelfired incineration and/or bear-proof fencing attract bears from long distances (Schoen and Beier 1990, Titus and Beier 1991). Those bears become habituated to humans and human foods and are more prone to interact with humans, thus decreasing their probability of survival. We estimated significant habitat-reduction factors for landfills without incineration (Table 5) .
Road access was considered detrimental to bears. Arterial and collector roads accessible to vehicles were estimated to have greater impacts on bears than local roads and roads closed to vehicular traffic (Table 5) . We believe that roads closed administratively (e.g., with gates or excavated pits) would still have some level of off-road vehicle traffic. Although less detrimental to bears than roads accessible to vehicles, roads closed temporarily (e.g., with gates) pose greater impacts than permanently closed roads (e.g., through bridge removal). We believe that all roads, regardless of closure, still have the potential for supporting additional human foot traffic, which also influences bear populations.
In this model, some habitat-capability indices required professional judgment for determining their value (Table 3 ) and all reductions in habitat capability within zones of human activity/disturbance required professional judgment (Table 5) . Brown bear studies from a high road-density area of Southeast Alaska (Titus and Beier 1991) were used to evaluate some of these attributes that influence the habitat capability as related to model evaluation. Specifically, we tested whether radio-collared brown bear telemetry locations exhibited any pattern related to distance from primary roads, secondary roads, blocked roads, and salmon streams. To make this evaluation, we chose a subset of 58 radio-collared brown bears captured from 1989 to 1991 on the northeast portion of Chichagof Island. We selected aerial telemetry locations from 15 July to 15 September to coincide with the late summer season of the habitat-capability model. Two adjacent, uncut, and largely unroaded watersheds that effectively form one watershed (total = 185 km2) were compared with a watershed (90 km2) that had undergone the most extensive clearcut logging on the 1,000-km2 study area. (Table 6 ). Brown bears were much closer to secondary and blocked roads in the roaded watershed, indicating that they did not avoid those locations. That attribute resulted in more frequent bear-human encounters. The most important result was that brown bear locations were much farther away from the salmon stream in the highly roaded and clearcut watershed than in the uncut and pristine watershed. We believe that a lack of cover and forested stream buffers contributed to this result. This pattern fits the professional judgment of the capability model whereby the capability is reduced in clearcut habitat and salmon spawning streams.
Brown bears continued to make use of salmon streams in heavily logged watersheds. They seldom used the clearcut habitat, but made frequent use of roads and the patches of remaining forest. That results in more frequent bear-human encounters and increases mortality rates, thereby reducing the habitat capability as suggested by the model. Brown bear mortality on the northeast portion of Chichagof Island supports the reduction in capability within zones of human activity. For example, 2 of 4 brown bears killed outside the legal hunting season during 1990 and 1991 on the northeast portion of Chichagof Island were illegal. Two of those 4 bear deaths were associated with communities and a landfill, and 2 were shot and left to lie along a primary road.
Sensitivity Analysis
An analysis of the sensitivity of the model was conducted to determine the responsiveness of the model to changes in the value of the variables. Each of the 
Model Verification
This model and the associated computer program have been verified through use of the GIS data base available for the Tongass National Forest in Southeast Alaska. The purpose of this verification process was to ensure that the habitat-capability section of the model provides reasonable results on several test areas. First, we ran the model on the northern Admiralty Island study site to confirm that the computer code was correct and that the availability of habitat types was similar to our original estimates. Next we ran the model on the Kadashan quadrangle (Sitka C4) on southeastern Chichagof Island. Using densities derived from Table  3 , the model generated a density of 1 bear/2.9 km2 for the Chichagof test site. This value lies within our estimated range of 1.0 bear/2.6 km2 to 1 bear/5.2 km2 based on previous brown bear studies in that area (Schoen and Beier 1990). We also compared population estimates for brown bears generated by the model to an independent measure of the population for Admiralty Island. The model estimated a population of 1,440 brown bears on Admiralty Island (Table 8) . Because of the GIS limitation described above for riparian habitat, this number represents a small underestimate. However, the number of brown bears estimated on Admiralty Island based on empirical data was within the range of 1,200 to 1,700 bears (Schoen and Beier 1990). These comparisons suggest the model is performing within reasonable bounds.
CONCLUSIONS
In Southeast Alaska, industrial-scale logging is affecting thousands of hectares of brown bear habitat annually. To ensure the conservation of brown bears, we must begin comprehensive forest planning on a landscape scale with a time perspective of at least a hundred years (Schoen 1991) . The model described here evaluates bear habitat on 2 levels. The habitat level is derived largely from empirical data on bear habitat preference. The influence of human activity on bear mortality and disturbance is based on best professional judgment and should be considered a working hypothesis. This habitat-capability model provides wildlife and forest managers with an effective tool for systematically assessing the cumulative effects 
